As part of a captive breeding programme for three species of endangered gazelles (Gazella dama 
Introduction
For an increasing number of species, captive breeding represents their best chance for avoiding extinction. The World Conservation Union (IUCN) has recognized the potential role that captive breeding may play in conservation efforts and has recommended that vertebrate taxa numbering less than 1000 individuals in the wild should be considered for captive breeding (IUCN, 1987) . Since 1971 the "Estación Experimental de Zonas Áridas" (EEZA) has developed captive breeding programmes for three endangered gazelle species: Gazella dama mhorr, G. dorcas neglecta and G. cuvieri. These three species have reproduced successfully in captivity, allowing the translocation of animals to several zoos in Europe and the USA. The history and reproductive aspects of the populations of these three species have been described by Olmedo et al. (1985) , Alados et al. (1988) , Alados and Escos (1991) and Cano (1991) .
The general distribution of Gazella dama mhorr includes Southwest Morocco and Western Sahara. This species is categorized in the IUCN Red List of Threatened Animals (IUCN, 1996) as 'Endangered', and no wild animals have been observed since 1968. The first individuals were brought to the EEZA in 1971, and the founder population consisted of three males and nine females. Gazella dorcas neglecta inhabits semidesert planes and desert areas of Western Sahara (see Abaigar, 1993) . The species as a whole is categorized as 'Lower risk: near threatened' (IUCN, 1996) (see Escos, 1992) . Extensive habitat destruction and hunting have reduced the wild population to small scattered groups inhabiting inaccessible areas. The species is categorized (IUCN, 1996) as 'Endangered'. In 1975, one self-sustaining wild population (Ebenhard, 1995 (Alados and Escos, 1991). In this context, artificial insemination and semen preservation have been identified as powerful tools in the breeding programmes of gazelles (Holt et al, 1996a) (Howard et al, 1983) . Furthermore, semen preservation in related antelopes has received limited attention (for example, Boever et al, 1980; Holt et al, 1988; Garland, 1989 Values are means ± sem. Assessments were made on independent samples (n = 4 males). There were significant differences in the proportion of normal spermatozoa between species, with G. dama having a lower proportion of normal spermatozoa (see Table 3 ).
G. dorcas and G. cuvieri appeared to have a higher proportion of spermatozoa with normal acrosomes than G. dama, but the differences did not reach significance. Analyses of the ratio between head length and width revealed clear differences between species (Table 5) . It is noteworthy that this ratio differed between G. dama and G. cuvieri since, at first glance, the sperm heads in these two species appear to have a similar overall shape (that is, both are pear-shaped) (see Fig. 1 ). Comparisons between species, taking into account the ratio of length of the midpiece to the total length of the flagellum, revealed that spermatozoa from G. dama had a shorter midpiece when compared with spermatozoa from G. cuvieri or G. dorcas (Table 5) .
Average values of head or tail components for all the individuals of each species were plotted (Fig. 2) (Fig. 2b ).
Semen characteristics, testes mass and bodyweight
The three species have clear differences in body size and bodyweight (Table 6 ); G. dama is larger than G. cuvieri which, in turn, is larger than G. dorcas. A comparison of the eight males of each species included in the sample revealed that these differences were highly significant (Table 6) .
If testes size and, therefore, sperm production, are a by product of differences in body size between the three species, it would be expected that testes size, ejaculate volume, and total number of spermatozoa would show clear differences that would be in the same direction as differences in body weight, that is, G. dama > G. cuvieri > G. dorcas. In agreement with this hypothesis, testes mass was larger in G. dama than in G. cuvieri which, in turn, had larger testes than G. dorcas; these differences were significant (Table 6 ). However, none of the bodyweight) between the three species were highly significant (Table 6 ), and the differences followed the above prediction, that is, G. dorcas has a higher gonadosomatic index than G. cuvieri which, in turn, has a higher index than G. dama (Table 6 ). However, despite these clear differences in relative testis mass, no significant differences were found in ejaculate volume, total number of spermatozoa per ejaculate, or proportion of motile spermatozoa.
One ejaculate parameter did show significant differences between the three species: the proportion of normal spermato¬ zoa (see Table 3 ). This proportion was slightly, but not significantly, higher in G. dorcas than in G. cuvieri, and was significantly higher in these two species than in G. dama. Within the morphologically abnormal spermatozoa, several different types of abnormality showed significant differences: the proportion of spermatozoa with abnormal heads, abnormal midpieces, and cytoplasmic droplets was higher in G. dama than in G dorcas. The proportion of spermatozoa with cyto¬ plasmic droplets was also higher in G. dama than in G cuvieri, and the proportion in the latter was, in turn, higher than that found in G. dorcas (see Table 3 ). Thus, all the differences were in the direction predicted by the theory of sperm competition, and most of the significant differences were between the two species with the highest and lowest intensity of sperm competition (that is, G. dorcas and G. dama).
The length of spermatozoa was significantly longer in G. cuvieri than in the other two species ( (see Wildt et al, 1983 (see Wildt et al, , 1987 O'Brien et al, 1985) , the prediction would be that the proportion of normal spermatozoa would follow the trend: G. dorcas > G. dama > G. cuvieri.
The inter-specific differences described above do not seem to fit this prediction: there are no significant differences between G. dorcas and G. cuvieri in the proportion of normal spermatozoa, despite the fact that G. dorcas shows the lowest level of inbreeding and G. cuvieri the highest. Furthermore, G. cuvieri males have a significantly higher proportion of normal spermatozoa than G. dama males (Table 3) , even though G. cuvieri males tend to have higher levels of inbreeding (Table 6 ).
Discussion
In the work described here the semen characteristics in three species of gazelle (Gazella dama mhorr, G. dorcas neglecta and G. cuvieri), which are part of a breeding programme for the establishment of genetic resource banks, were examined and factors that may influence the quality of ejaculates in these species were analysed.
The study of ejaculate quality involved the assessment of viability, sperm motility, cell morphology and acrosomal status. Several methods have been used previously to distin¬ guish between live and dead cells, such as the eosin-nigrosin stain (Hancock, 1951) , or the fluorescent probes propidium iodide (Garner et al, 1986; Harrison and Vickers, 1990) or Hoechst 33258 (De Leeuw et al, 1991) . In preliminary exper¬ iments, we found that use of the fluorescent probe Hoechst Sperm morphology and acrosome integrity have been evalu¬ ated using a variety of methods, including phase contrast examination of formaldehyde-or glutaraldehyde-fixed samples (Pursel and Johnson, 1974; Johnson et al, 1975) , Giemsa staining (Watson, 1975) or fluorochrome-labelled lectins (Cross and Meizel, 1989 Inter-species differences in sperm dimensions did not seem to support the hypothesis that sperm competition favours an increase in sperm length (and in particular in the length of the flagellum) (Gomendio and Roldan, 1991) . It is possible that the differences in sperm dimensions are confounded by the influence of female reproductive traits (Gomendio and Roldan 1993b), which could not be accounted for in this study.
The third hypothesis predicted that high levels of inbreeding would reduce semen quality, affecting mainly the proportion of normal spermatozoa, as has been postulated for carnivores (Wildt et al, 1983 (Wildt et al, , 1987 O'Brien et al, 1985 
